Abstract-The necessitation in the optimal power demand model, make it an impetus to present this work as a glaring path in determining the optimum power demand curve, using the available data of a substation. The data are used to find the equation and its coefficients of determination that can give the best-fit curve of the power demand of a substation, based on the available data. This will produce a model that can be validated by comparing the data and figured out the equation.
INTRODUCTION
Modeling of the power demand curve for a substation is very important. Knowing the electric power demand model of substation is a necessity, for planning and performance of power systems, and it is critical in energy efficiency and sustainability issues [1] . Transforming the energy demand of the end-user which is called the modeling of what end-users in reality is doing, is very interesting in load shifting and demand management schemes. In order to analyze and simulate, it is necessary to improve the detail models of occupant behavior and energy use in buildings [2] . Bottom-up models [3] , is the most regularly cited example, to determine the electricity demand of an accidental number of households.
Nowadays, much literature exists on power demand modeling and analysis, as reported in [4] [5] [6] [7] [8] [9] [10] [11] . It seems that the optimizations of the power demand curve [4] as well as forecasting [1] are the subjects of interest in recent years. However, accuracy and resolution of the model are important [2] . Although many models have been suggested for power demand, the exact and simple power demand curve that can cover all the power demand data does not exist.
In this paper, it is attempting to suggest an optimal power demand curve for substation; and to evaluate the suggested curve by using the power demand data of a substation in Universiti Putra Malaysia as a case study. And the scope of this mathematical modeling is focused on working days only, other days which the demand is low such as weekends, school vacations and public holidays are ignored.
II. METHODOLOGY
This study, is more focused on discovering the optimum curve of power demand, for a substation that can be used to smart manage the demand during the working days. During the working days the power demand curve is varying much. Therefore, it would be necessary to know its behavior as an equation. As a method, this study seeking for an equation and its coefficients that can provide the best-fit curve, to the power demand data. Respectively, the method needs to be applied to a substation power demand data as a case study, by following a standard model framework. Finally, the model must validate by comparing the data and figured out the equation and report the goodness of fitting (R 2 ) which is called the coefficient of determination.
A. Case study
In order to suggest an optimal curve of power demand, first a substation was chosen as a place for case study. This substation is called PMU2 and is located in front of the UPM stadium and the nearby Banquet Hall; Universiti Putra Malaysia, 43400 UPM Serdang, Selangor, Malaysia. Geographically, this substation is exactly placed at latitude of 2°59'18.35"N and longitude of 101°43'25.35"E. The power demand data used in this study were collected from the UPM substation, called the PMU2. According to survey on onemonth data of this substation during the working season of the University, this substation normally provides about 7 MW at the peak period time of working days. However, it would be able to support more than this value.
B. Model framework
The model framework of this study is shown as a flowchart in Fig. 1 . In order to collect the power demand data, the HIOKI data logger 3196 PQA has been used. The data are collected based on the methodology adopted, where values at every three points along the original graph produced by a data logger were recorded. As can be seen from flow chart ( Figure 1 ) the data is collected and saved as a matrix in the workspace of MATLAB, and then these data is splitted into each working day, in a separate matrix based on its time interval. The average of the whole data for each working day is then calculated and send to the different models for examination. The optimal values of coefficients for each model are find using the curve fitting optimization technique, for the best-fit curve. The goodness of fit is analysed and compared numerically and visually to obtain the best model, and then finally the best model is report at the output.
A total of 30 points was found along the axis of the curve per day; that is, between a point 24 hours of five working days as shown in Fig. 2 for five different working days (since in the consumption pattern of the University behaves almost similar to the working days when the school is in session but different pattern during holiday periods. These five days are randomly selected). As it is clear, the PMU2 substation is also facing the same daily load behavior during the working days. Therefore, the average of data points in each sample can simplify and obtain the optimum coefficients of the power demand for the substation.
There are 30 points in one day, and these translate to one point of data in every 48 minutes (0.8275 hour) from the initial hour of the captured data (00:00 a.m.) to the final hour of the day. Based on this rate of sampling time, the matrix of time has been created in Matlab workspace with 30 time data from 0 to 24 with the step of 0.8275.
Data was saved in the Matlab workspace, where the data is divided into five different working days in a separated matrix. This can easily access to each sample point information and use it in other calculations. In the next step, the averages of the five days data were calculated. Data were selected point by point in each matrix and summation of these point divide by five has produced the average value of each point. After that, based on the mean data, different models were optimized. Curve fitting technique is used to optimize different models to the data points in order to obtain the best-fit curve. These models include the Exponential, Polynomial, Fourier, Gaussian, Interplant, Power, Rational and Sum of sin functions.
Anchored in the highest coefficient of determination, R 2 , the optimal curve has chosen and the equation of the curve adapted for this application with its relationship to the time and power. This curve would be useful to estimate the approximate value of the power consumption at any time, during the working days.
C. Validation
In order to validate the optimal equation, the averages of collecting data points were compared with the curve generated by the optimum curve. The power demand curve was plotted and analyzed by the time steps of 0.1 hours. The chosen value can plot the optimal suggested curve with a sufficient resolution that can be analyses simply. Finally, the similarity of the data and the curve investigated by the determining the R 2 of the curve.
III. RESULTS AND DISCUSSION
The average of daily power demand for five working days in a week is shown in Fig. 4 . . A Fourier series with eight terms was found to produce the optimal matched fitting curve for the average of collected data, and the result shows that goodness of the best-fit (R 2 ) is 0.9997. Therefore, the function of the best-fit curve for average power consumption of PMU2 can easily be obtained via the use of (1). The equation (1) is from the Fourier series model.
Where the value of a 0 is 4.1820 and the value of λ is 0.2665. The values of the other coefficients of a i and b i are shown in Table I . Moreover, P is the power consumption in Mega-watt hours (MWh) and t is the time taken during the consumption in an hour. The R 2 value is nearly absolute value of 1 or precisely 0.9997 as the curve can be seen in Fig. 4 .
The best-fit curve which is generated using (1) is fitted to the average of power demand. The fitness function is good enough that the line is covering all data inside the 95% prediction bound. A concise method of the optimal power demand curve model is presented, that give a clear level ground on a simple methodology of smart managing power demand during working days. This method utilized the available data of a substation, to provide a simple power demand curve, which covered all the power demand data of the substation. This method eases the problem of the standard optimal power demand model that can be used to determine the power demand of a substation, by employing the same method as it is used in this paper.
